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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic 
multilayered film having strong anisotropy and 
excellent high frequency characteristics, to provide 
a magnetic head using this film, a producing method 
of the magnetic head, and magnetic reproducing 
device using this magnetic head. 

SOLUTION: The magnetic multilayered film 40 is 
produced by alternately laminating magnetic layers 

42 and nonmagnetic layers 43, 44 on a substrate 41. 
The nonmagnetic layer consists of a thin first 
nonmagnetic layer 43 and a thick second 
nonmagnetic layer 44. The first nonmagnetic layer 

43 is made thin enough to magneto statically couple 
the magnetic layers, v\^hile the second nonmagnetic 
layer 44 Is made thick to obtain enough electric 
insulation. The second nonmagnetic layer 44 acts 
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(57) immi . 

m 1 mm\tm tm^^mm(Dm 2 wi^satts t l. 
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1 

i:i^i'ixifi-vx. m^m'^m.^m'k. m'o-^^m^^^ 
x'om^^m2 mmim ^m^i> ^mmm.^ lo 

ft. 

tfEStSftTfe I) , ■miMW&mt^ S i 02-C?& 5 r t Sr 
BSItfto 20 

•fb^attSrB'fS<?5:^|S](;iBai6]U-oo, S«±»:i?i?^i-5 30 

mm(^mf^fmm • • • • • • ' 

(0 0 0 1..]' - ' ' ■ 
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5o 

[0 0 0 2] 

1g-g-SMR'^:y Ktt. mm.m.in.^^m^ (MR : M 
agneteto— Res istance) Srffl V '>i'5:M 

R :y K ir mm-Mmm^ v v t ^m^-^ttz^ y kt- 

ve-^v;'.?am*fflV>fc^-;' K7J5^M^9 - 9 16 
1 7-^<Kr«{c^$n-CV^5. dcO'vs, K<^«)f^lSaJ--o 
V^TJi^T{C|21 1 2St>'01 3«r#ML,T|ji0^^§i 
[0 0 0 31 Ell 2fir(©SS^'vs' h'<Dmm^mi:^ir 

i^^2l,zMlt^ir:5^ >e—-^'>-y^m^2 Ki^co-rvf 
— i5^>y^;5S{g:TL)t<^i:t|«ji4^Jfifc/j:5, 11112, HI 
1 3^c*3V^Ti^«:#:4lcJ;oT^^3r 1 A^f>il6,«$tt 

t\^x^m<Dmn.m^m\^x\^^<r)x. «^-2 3t24 
(^m;^*SA^ic>ffi;^$tt5, s^m#^tbiHi8&2 5A^e>ai 

T, m%=^Ti(Dmmmi^i^^^mmfh'x\ ^^vrm^ 
[0 b 0 4] a^^^T 1 ^mii^-r^^m^mtm^m^ 

i.itm,^i^<D'iiimmK #@a¥5 - 1 4 4 6 4 i ■f-<i:^ffi 

(c;^$^^TV^e. rcoii£jfc0ijfw 0 1 4 J; 
*'7>^^-lr7 5 3'^'/*if©S*g3 litdife. 

wm^un^f^m\^iti^^<^^^£i2m<o$m^m 3 3 

5.t>*3 4 5r325:{caSUTV^5„ r <C) i p Tfe^Sitf^-TS 
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[0 0 0 51 

mmAm^L-x^ ti-^asffli ^F^s^pg-g i e i ? 

S;i^«^ia<-f-5:i i:)5ST'#^^;^^ofc. El 1 4 (r;g^-t- 
4fM¥5 - 1 4 4 6 4 1 #^l6lC;T%$tlfct)«T-«, # 

€ \^itmwii(omi±m 3 2 sr, /^v^^N^K^4B 3 4 x-f^mi-t 

[0 0 0 6J amr^s/ K<^=iTi: LTfflV^5#®(7^^Eat^ 

mi 4^z7ik-r^(DX'^■i. ,m^<r>m^J:^'^m.x^•tmWli(om 

14g3 2;i5ffV^#^SS'i4il3 4-C'^feii:$^^TV^5;S^ 20 

ymi±m3 2<Dmx'^K(Dm^i'^mmv^^\ 
mt)^7f^m\^ti:':>x^m^m<^mimM,n^t^x.^^ 

tfft50i«FBH2p5- 1 4 4 6 4 l-§-<22:#ICtti©,^ 
[0 0 0 7] 

Offv^||2(;?^^^K^4Si:7»5fo'9. ^ 1 co#^{lt±««P 
T*3iJ, ^2<0|^Sii±^«B|t3-&51K14eWoa«t6<jite 40 

[0 0 0 8] mm.m^^ix?>m.^m<om'mmx'$}^<o 
x\ m*)-^omi±m<omit^^m^^-'&(D:)j\^{z^^ 

Txh^(Dx\ Mm'^^tiiim<Dm^m\^X'±c^ 
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•9, mi^i$.wmzm^ft^mi^(Dmi±i$^n^ztA^X' 

oOi^tS^O|f:$(D-^f+/>S0. 7 /i miiiTT-fc 9 , ^ 1 

©#^?Ktt^roj^j¥«o. 0 1 n mUT. 2 mm\&m 

(r>mm\-iO. \ nm&.l.X'h^^t^W'^hir^. ■ 
[0 0 0 9] ±tB(^J;5lc:«^Si-5r ticit?. i GH 

[0 0 10] J:l2«??J;5(:i«^i-5:: ttdiOS^iSS 
Vi.<r>m.i^<om.^^y ^2ro|^fiS1±S«s?K^3rSr 

t>'^ 2 mm'i^mt-hti^w, i (Dm^»<Dmitms,m^ 
0f:^<o:^i6](cgE(«] LOO, stjiE^ 1 <Dmi±»m^m-r^ 

Bi^Rx/mi^<o±{zm 2 (omB^m ^mt3.tzm 2 m¥mi± 
2 ff^^mmm t^hta^ ^mm^ * 5 n 2 <Dm.\eLW-<om 

YL^BttSrF;f^cD:^|fi]{::SBlfi]Loo. ffilE^ 2■<0^^^4^ 
[00111 _hSEO J; 5 jfeXStc J; ►) , fllJ^J^^S^BT- 

[0 0 121 

Uv^||^fe^»J{::ov^T, lill/iV>L|gll 1 S-#fiSL.T 

\^mm<D^mmM\k^Ao<ommmxi3i>o ®^r*^v^ 

iry S ■yj?<o»;K4 l±(::*-flKtt®4 2^£•?^^^i- 



(4) 

5 

5Sr;^^LT4<® (fS^) iDBS14® 8 4 ^rfl^figLT-b J; 
v\ 

[0 0 13] llk\z±m<Dmi±m4 2C0J:(C. ^Ico^^tS 
14^4 3 J; ►)mv>^2 0#^jK't4Jl4 4Sr?l^/5K-r5, ±15 
K)?K<4^4 2»iF e -T a -N, 4 3 . 4 4 « 

S i 02(^J^T'fc5, lKtte4 2(OJi:$«0. 35 u 
m. Ill O^NSJ1±e4 ScOiP^JiO. 0 0 5 /im, 112 10 
<^I^Bg14M4 4 0jp;$tt0. 1 nmX'hi), fSl<r)Wm 
ttS 4 3 05)^^5:0. 0 0 5 /z m^Sfc-TS t , pt?-^ 
p«8tte4 2»«^a!S^^i^5o 

4 2(0#:>Srffi»{c-t-S:: tfcj; P'9^5lKttli4 2 

'?^pjKttg4 2ora<D««c6*iiffiiii*s{*yhix, ^^am^^c^ 

1 0 0 1 4 ] El 1 (Dmm-i, ^ 1 mm^m 4 3 sr^^M, 
n^m^-^^inin 2 ocD^tte 4 2 2 <D$^mmm 4 20 

4 2(l-^H-T-8Jir-fc.5„ S£t4H4 2 cD^fi 8 ilCiPS^ 

(^X^^s/^? y >^^a{rTff''i5. Fe-Ta-N<73;^ 

^ y ly-ifnEEtl 4 m t o r r , g^i 1 0 0 s c c 
m, (Oriv^:^ (At) ify^'PX'^m^^1]fi:^XfT^\ 

^<y^\) Vi/-t-5*(cj; •3jKttS4 2(;iM;^t4Sr#-^-f- 
•Sr. t!iS-et-5o S i OzW;^/^:^^' !; :/^«7mTo 30 
r r , JfE*l 0 0 s c c miZ^TyWi^ V*';^4'"5?tTV\ -t 

#(?5a;'3«2 kWT-fcS, y 5 

4 0ST-l^rBlT--yu-r5„ F e -T a -N«jat4^ 
4 2<D«&gii$ 6 tt^l (CJ;o-C«$ti--5. 
[0 0 15] 
1 ] • 

<5 = {2p/(27rf-A^r-/io)f-^^ (1) . 
[0016] r r p hm^^nrnKm. f njsis^ 

F!l(^#^flHKtS^(Offi*i^ p 7 0 Q • c mT-&5„ 
Jtife5E<^Jt*»C±|Ei:l^i::^#T% 0 1 4 (C;^i-iJ6*6C>0 
HSicoB^tt^S:, l|£*0. 3 5 /i mOF e -T a -NiK 
tt^3 2 ff$0. 0 0 5 MmS.t>'0. lfzm(^Si 
OaCO^^lStteSrMLTfl^^L/cio BJI* 3 2 li h - iJ' 

S*K4 7(OJ:lC, i|i2 0nm. 1 mm(^#e«i{H4 
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2 0 o*ji^^-r5o ios^iisi-^^, i^mn^mmw^^^ 

S!i(^?iS^^ffliJ^^ (PHF-F 1 0 0 0 BH) SrfflVN 

^(Ojg8£^ffliJ^S(Cfctt5*aSw»te:^i£T% 3M 
H z ;i^e> 2 GH z i-CcDj^iS^«Eiaco3S?jK^#ic*3«t5 

itmrnmci 3 mh z T-iofa^fflv^r^^&^t; uyt, 0 2 1;: 

©>bW»J:bjSSS*5r^-t"o 1 0 0 OMH z (wjott^ltig 

iK^fi, :$:mmmx'nmo. 3X'h<o. v^^mx-ttm 

0. 0 6T-fc5o ico»ij:€MmA^^. *n*s^Jco#]iHi 

[0 0 17] **Ji«aj{c*3V>T«, tfflSroj; 

•^^ixfeJ^ttS 4 2 (DWcAmWcX'h <0 > Mff<D^ft*5ffl 

■^^fi^^m'&mfs\nm^m\z^±.\z%u^Kxioh 
^ox»mm^^ti^^^(r>m^m(0'^ 

'b'^lcpge)tl-5<b(OT-«^iV\ e£tte4 2 (DUnt UT 
«3Jx{±*N i Fe-^^^-^, Com<or^/U7TXM 

/JST'^S, #^18£ttJi 4 3 , 4 4(0*^Si-o^^-r^i, A1 
203, Si, C, T i ^TfcoTfciV^ 
[0 0 181 *fc, ^^^J8St4#:cD«-JlOjp^S.t>*«^ 

#«14e4 3 i:lKttJg4 2(^#«^*:4 5 5rJi^^bv 

cDH 2 co«tte 4 4 yiSJi^^$^^-rv^^^^^ J: v\ 
^ <olC 1 ^®C0#e*|s:4 5 ro4'0?Ktte'4 2 «9lS:«fflScT' 

«3|fwPI^$n-5t.<?5T-»i'iV\ 01 1 ®{|^ffi0T'^-t-2|c 
flico^Ktt®8 4 5r3{liO^V^||l(7?#^^■^4@8 5^^iv 

t'tii!\-i,x^mi^8 i^mfiSi.-r^o ^mws io±trM 
{r3fi©#ii#:8 isr. m^'m2(owm.\tms 2i^ti 

^i^if\^xm^^^■t?>. rtbtcioT, «J®lS«!*j6Ai 
m c73SJt4#: 5 C t i55 T t 5 o 
«^2SiSW) ?>c»i> *l8e«<^^2|«iS«5JSr0 3S.C>'0 
4^#flSLTUi?^-t-5. 

[0019] 030? (a) /jrV>L (d) ^tO*04fiD 

(e) (g) f±. mimmm<7:>^mmm^i^4o 

Sr/T^-r«ffS0T'&5. 0 3WXS (a) ti*5V^T, S« 
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6 1 ±mmi:m.mi}Di:Lfzm^ l mmtO-fe^ 5 s/^ 

■14/16 3-l^SrF.e-Ta -N(73;^/N":y U y^'X-Ml^ 
-f-'So ^t-«H±S6 3- 1(73±{;:JK/P0. OOS^mO 
^ 1 (Dtmi^m 6 4 - 1 5r S i OaWX^-? y D >VX' 

miPWF e -T a -NJ!g-C$5 m l(r>t^^'&m\'iir-< 
TO. 0 0 5 /nmcOS i 02JlT-$)5„ Sfcfl^^Sffirt;^ 

U ^ 1 6 4 - 1 (OJi{c«i 

14® 6 3- 2Sr?l^figU, -^ri^Jijilj^ffO. l,im<©||2 

<75i^5^i4« 6 5 - 1 mm\«t.m e 4 - 1 1 inc^j 

i|sf^rMV^Pl^Xffi-eJi^^t-5, H 2 6 5 - 1 

0±{;i$ PjfC, attg 6 3-3, 111 co^^BSttg 64- 
23it/8$ttS6 3-4Sr)«!S>C?i0^-r5. JilB<^J:5{^l> 

ti-So ^'"^ f ^ y ^^co^tt^ti^ 1 m:mm t mmxh 

5, rcO«fifefcJ;iJ, ^l<D#?K14e6 4- 1, 6 4- 
2 J; o T•^^^^•i^»^ife-g• $ ttfcfflSti® 6 3 - 1 t 6 
3- 2Sr>'^tt)16 3- 3.t 6 3 - 4 -OSH 2 «??^^fiSttJl 
6 5-1 ^rJ;oT«^6<3}Ciifeig:$^^S. 
[0 0 2 0] JiJclCXe (b) ^;l*?V^T, S«6lSr5 4 

zamiiSi^ti^o am (c) lc:*3^^r, Hico^tt 
1* 6 2 (OJKttB 6 3-4 <D±izmBm 6 6 Sr?g^ 
cO_h{cM{::-J»cflJ)i6 T^;^/-^-;/^!; :/^^T-Jl^fig-t-5<. iffe 
ig:JS6 6«S i OzSrlP^ 0. 1 umlzmi&l^. mi^m . 
6 7^■ACu 1 ft m\Zj^l^-t^o Cu<0:^^<yi' ]) 

i^if^W\-i. r;v=t>if:x.<r)BE.ti\tO. 5 Pa, jJfEfiW: 
2 0 s c cm, X/^•i'^?S;^«0. 5 kWT'fc^. 
(d) tr*3^^T, i^i^^.6 6 i:##:g6 7 ^.'T^i-^? y 
tJ^N-^-VjBX-f 5. r<^XSgT'l2l6»C^-rjl^ 
6 7 ^Jff$fiic^iT.5„ 
[0 0 2 1] |ll4(OX^ (e) {i*3VNT, 6 7, 

HI <^JEK14#6 2(DKttJ16 3-4Sl>*S«6 1 (Di&U 
<?5«®fc«6ig:SSriEiafcH 2 o^^^tSS 6 5-2 SrJi^Ag 
^ e>(c-^<D±(;i, fIiH<o^ 1 ptStifls: 6 2 (OJI^^Bf 

iri^cx^tci 19, w.2<Dm.>s^w&2^M-r^o m2 

2 tmi^X^io XS (f) (::*3VNT, 540 

mxie^riir~—/uLtz'ik.m2(D$m\±m e s - 2s 

O^H 2 «^ti*|s: 6 9 ^^;r>ri U y ^/Ic i 9 ^■'^-V'iD 
X-fS, r(>0X@T-|116(C:T^i-?K«O^t4^6-9/45Ji^^ 
XS (g) CfeVNTiSli^e 0 t bT, AU 
03Sr2 0 ,im(^JP$T-?g;*L, M«8§|5§r^»f LT7 7 
T'JpXSrLT^^-t-S, 04 (g) <D|$^ffil2lc*3V^ 

T, ;fe{Rijffi 6 8 6 izTjk-rmnmmmi^ 7 0 izMf^-t 
5 - 2 i 19 6 7^m^ <ox. m^if^um ^tant 
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[0 0 2 21 =§-^<^?®ir£*5j;t>*WK«, cricE 
T{4, .0i|;til'N i F e-S-^^fe, C o ^»ft&roT^/WV r 

v\ Hl(^Sit4^6 2i:H2(D«H41*6 9(:i3tpW«T•• 
'bJ:v\ #^^4g(75^^K^cov^r'bA UO3. Si. 
10 C, T i ^fe, flS14#SMO 

. ass l/mi^ t r c fciE«fe L t PS ibtL S t (OT- (4 

[0 0 2 3] ms mmm'» mz.. :^^m(Dm3 ^mm 

116S^>*llI7^S^fflV^TtaBJ-r5. III6(^ (a) 14, 
Mfi»JroiK^??^^«iSr^i-^«BT'fcU, (b) 

(a) <D^^Kn(Diit±mX':h^, HI 8 (4*IIJ£«?i|»ffi 
^W:i^S<7?S^|l]SScD:7'n.s/i?|llT'fe5o 1116 {C*3V^ 
20 T, s' K 7 1 2 co||M«»J <^Mj&*ftT'M3t U 

ifclK^'vy KT-&5o K7 1 «, 0^Sr« 

■|4#:6 2, 6 9^«:iiL.*^oi^^?r{?:oTgeaLfc2g# 
il6 7<7?f35fflg(Cli^Sffi^^7 3, 7 4;6sagg$^^TV^•^.. 
6 7 {rfi^-ft^ 6 2, 6 9 :^|B),{-^<'l'.T:=^fiS 

[0 0241 :^i'^m^Bmmii^ 7 0 », a^os 

30- 7'j:^ffi^j^-oB:^2 5mmO#7>^7^-<;^^±fw, fEflk 
Si Lr^<J!iiPl /xmOCo Z r T aMi:, ^(D±\Z 
mmO. 1 Mm<©CoCrTa)Ki:<Sr««Ji^fiKL.fc-S 

^-oxr^ :^^'Jikm^mmi^i^7 osri§i6<o^PP(^:^i*) 
{cEite^-frs, «s^'>>s' K7 i«ffrlS7'-f ;^^'4^fiS^fs 

®^#:7 0co^ffi±(ri?_hLS:;t5:fT5o :^^7 5«, 
7^^;^j^^^^^lB^j«^7 0{r|Efi!:^tufeKStit«<^« 

40 [0 0 2 5] ia7f4, jjc^Mfiajoff^mas^yB s/ij'lii 

T-fcSo rroS^HIKfi, K7 l<^*ffi^7 3, 

7 4 $ nfc ^ ^ y Tlt-^|g^^ 5 5 t , f?^m# 

^taiHiss set srw-rs. s^m-^«ittiiHiBg s 6 (^mti 

mzW^T>'>r5 7nAtjmmfl^$ix. W±T>:f5 
[0 0 2 61 ^fls:^6 7tt, ^mmmXTr^^t. itSSJfi 
50 7t#^*:® 6 7 Sr-Y y f— UT^tf^J-^l^ 
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]) 7m-^<ommw!.i-im^i-£ i gh z t'*>s. 

[0 0 2 7] S^«-§-«lt±ilHlS&5 6lirtla5{C, AMft^ta 

m^tAMm^^mt^mi-^. AMMwiHisstt, mm 
i^^i 3 1? 4 t<^rm^{z^\:.^m^^f^m-r?>. Aum 
m^m-i. mtiAumm^mx-'^m^HfcAMm^m^ 

[0 0 2 8] J!»:lc, **iS0>J(O^«S^^a<^S^«if^ 
■fk7 5(DJb<Sr^^1-5 att#:6 2, 6 9 ^mmmit 
[0 0 2 9] fl;«^-7 3, 7 4m\zi-i. m7 {ZTT-r^ 

•V y rm^^±^5 stcitj ighz cd^-^ d rm^m 

3, 7 4cOBfl{C;ti:.5m#aBEV«. «ffi«3^7 3, 7 

4|SJ»'f Vf-^V-X^rZ V=ZI ({tb, 

EP*>. «»«CfBit^^*:7 0*-«b«>ii^xiKlf 

Z t /J^-$ < -5 , ii^^a#*S/J^ ^ V > i: ^ «J^tt 
flee 2, 6 9<D]gJK*j4S:*:#</j;tj'i' vfc'-yv;:»>zt, 
*#<^jr-5, iKlSiw^-t-J: 5 {C, mfS.-^'y h' 7 lA^mm 

Ltzm^mmmi$<Dmh,mmK - a'-+ aco^mx-k 
%mm.mw7 ot^h(Dminm.^x'h^9vm&.^nexti)^ ' 

^Ii7 5 <Dffit4l-tt^SM#.T-fe , J^m'^ s/ K 7 1 i^iiii 

[0 0 3 01 '^-z-x :i(D^mx'\-i\^^i)^ti^m^wm^n 
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^m^m^-t^i.o\z^ m.m^<^7::ki:^-A.x. 

6 2, 6 9^-:^l^](cB£'fbLTV^?.„ ;ir^*:6<J<c(i|l 6 
Tf^-T'^WM 6 7 (cag^cO^/MlgK^llIBIwTj^-r^Jp^ U T 
m#^±^5 S^^ibiJKi-ClirJcJ; i9Mf4#:6 2. 6 9 

jEt^mt-t^iio^zti:^, ^(DWiV^^mi o^m^-^x^ 
5. micj; ^'t"— :/v;:^z<^fii:{i, m.m.mmmw- 

^Zcofttficf'P^fitczir/jr'?, a (Wt # 

[0 0 3 11 r(Oi5f-> :?l-SBBI#Sth*^Y U r (§■§■« 

-r5«lE!J5, aM^7 3, 7 4(cmtu5. ^^^^s/ K 
20 7 Ifl, flitt-^-?r<^fi^<z?S'S:5iaitilK'fb7 Si^jfeff 

-r^<r>x\ mMm^7 3. 7 Am<r)ms.<Dmt\^. lo 
H z (r)^\ V rm-^-nm^^^ v r—t-r^AMr&t^j: 

-§-*aSlE]Sg5 8^rffl;^^i-^.„ S^itft-i-^ftSHISgS 8 (i> 
[0 0 3 2] 

imm^mi-i. miimr^^^w^mi^^^^^tcit>iz+^ 
m<^i^ti, m2(o^mi±mi-im\±mm<Dmn^MA^ 

(D^m^m itz x^mm-^ ^ s m^m ^ 5r fs^ t 

^OflIff<^^tfi45«iS^$<^2{gt(T(::-r5:: irf::: 

[0 0 3 31 $e)(Cfl&<0|S-«OB£tt#ejg»i, &i, ^> 

^S-&^ti.51^'tt^(D-^fhflmSrO. 7 MHiiitTi: IB 
1 (^#^BS14®(7?M]9^£r 1 0 n mtiT, m 2 co^^J^tt®^ 
lliJ¥*0. 1 /umUiiti-Sr tfci 

50 iS^iffi(r-SstiitJ:©«11i:-Sr<ix.:feji^m^s' KT-feoT, 
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[0 0 3 4] izm(7^mi^^<^^^^ -y Kl*^ 2 <D^m 
[0 0 3 51 :i^§tm<om^-^y h'<omiik:^mx-n. woi 

L;6»oaSC3 r T;^iK#^^^$-fr5 r I:: i ' 

So 
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